Porphyrin complexes of ruthenium are widely used as models for the heme protein system, for modelling naturally occurring iron-porphyrin systems and as catalysts in epoxidation reactions. The structural diversity of ruthenium complexes offers an opportunity to use them in the design of multifunctional supramolecular assemblies. Coproporphyrins and metallocoproporphyrins are used as sensors in bioassay and the potential use of derivatives as multiparametric sensors for oxygen and H + is one of the main factors driving a growing interest in the synthesis of new porphyrin derivatives. centre is coordinated by four N atoms in the basal plane, and by axial C (carbonyl ligand) and O (ethoxycarbonylethyl arm from a neighbouring complex) atoms. The complex adopts a distorted octahedral geometry. Self-assembly of the molecules during crystallization from a methylene chloride-ethanol (1:10 v/v) solution at room temperature gives onedimensional polymeric chains.
Porphyrin complexes of ruthenium are widely used as models for the heme protein system, for modelling naturally occurring iron-porphyrin systems and as catalysts in epoxidation reactions. The structural diversity of ruthenium complexes offers an opportunity to use them in the design of multifunctional supramolecular assemblies. Coproporphyrins and metallocoproporphyrins are used as sensors in bioassay and the potential use of derivatives as multiparametric sensors for oxygen and H + is one of the main factors driving a growing interest in the synthesis of new porphyrin derivatives. In the coproporphyrin I Ru II complex catena-poly [[carbonylruthenium(II) ]--2,7,12,17-tetrakis[2-(ethoxycarbonyl)ethyl]-3, 8,13,18-tetramethylporphyrinato-5 N,N 0 ,N 00 ,-N 000 :O], [Ru(C 44 H 52 N 4 O 8 )(CO)] n , the Ru II centre is coordinated by four N atoms in the basal plane, and by axial C (carbonyl ligand) and O (ethoxycarbonylethyl arm from a neighbouring complex) atoms. The complex adopts a distorted octahedral geometry. Self-assembly of the molecules during crystallization from a methylene chloride-ethanol (1:10 v/v) solution at room temperature gives onedimensional polymeric chains.
Introduction
Porphyrin complexes of ruthenium have been studied actively in recent decades because of their many useful applications. They are widely used as models for the heme protein system (Masuda et al., 1982) , for modelling naturally occurring ironporphyrin systems involved in oxidation processes of the mono-and dioxygenase type (James et al., 1988) and as catalysts in epoxidation reactions (Barona-Castano et al., 2016) , including aerobic oxidation tandem epoxidation-isomerization (Jiang et al., 2008) . Ruthenium in porphyrinates can exist in a variety of oxidation states, viz. Ru II (Ariel et al., 1984) , Ru III , Ru IV (Maeda et al., 2015) or Ru VI (Katsunori et al., 2012) , and it is able to coordinate one or two small axial ligands, such as aqua, hydroxide, dinitrogen, nitrite, nitrosyl, carbonyl, methanol, ethanol, tetrahydrofuran, pyridine and many others, as can be found from a search in the Cambridge Structural Database (ConQuest, Version 1.18 with updates; Groom et al., 2016) , which gave 225 hits. The structural diversity of ruthenium complexes, which can also form metal-metal bonds (Collman et al., 1984) , offers an opportunity to use them in the design of multifunctional supramolecular assemblies (Mamardashvili et al., 2013) . Due to their unique photophysical and photochemical properties, coproporphyrins and metallocoproporphyrins have also been used as sensors in bioassay (Papkovsky & O'Riordan, 2005; Dmitriev et al., 2012; Burke et al., 2007) . The potential use of derivatives of coproporphyrins as multiparametric sensors for oxygen and H + is one of the main factors driving a growing interest in the synthesis of new porphyrin derivatives (Borchert et al., 2011) . Recently, we reported synthetic and crystallographic studies of the coproporphyrin I molecular complexes with Pd II (Volov et al., 2014; Tyurin et al., 2015) . We report herein the synthesis and structural characterization of the novel ruthenium(II) complex of coproporphyrin I tetraethyl ester, (1) 
Experimental
Commercial reagents were used without purification. Solvents were purified according to standard procedures: CH 2 Cl 2 was distilled over calcium hydride under an argon atmosphere and toluene was dried over magnesium chloride and then distilled over sodium. Coproporphyrin I, (1), was prepared according to a literature procedure (Smith, 1972) . Silica gel 40/60 (Merck) was used for column and flash chromatography. For preparative thin-layer chromatography (TLC), silica gel 60 (Merck) 20 Â 20 cm plates with a 1 mm layer thickness were used. A mixture of methylene chloride-ethanol was used as solvent for elution. Electronic absorption, NMR and mass spectra for the final product are presented in the Supporting information.
Synthesis and crystallization
To a solution of (1) (50 mg, 0.065 mmol) in dry toluene (15 ml) was added Ru 3 (CO) 12 (83.5 mg, 0.13 mmol). The resulting mixture was refluxed for 24 h. After completion of the reaction, the solvent was evaporated. Purification was carried out by preparative chromatography using an ethanoldichloromethane (100:1 v/v) mixture. A powder sample suitable for crystal structure determination was obtained by crystallization from the methylene chloride-ethanol (1:10 v/v) solvent system at room temperature over a period of 7 d.
Refinement
X-ray powder diffraction measurements were carried out at room temperature at beamline ID22 of the European Synchrotron Radiation Facility (ESRF, Grenoble, France). The instrument is equipped with a cryogenically cooled double-crystal Si 111 monochromator and Si 111 analyzers. The powder was loaded into a 1 mm diameter borosilicate thin-walled glass capillary which was rotated during measurements at a rate of 1200 rpm to improve the powder averaging. Calibration of the instrument and refinement of the X-ray wavelength [0.399927 (3) Å ] were performed using NIST silicon standard 640c.
The monoclinic cell dimensions were determined using three indexing programs: TREOR90 (Werner et al., 1985) , ITO (Visser, 1969) and AUTOX (Zlokazov, 1992 (Zlokazov, , 1995 . Based on systematic extinctions and other considerations, the space group was determined as C2/c. The unit-cell parameters and space group were further tested using a Pawley fit (Pawley, 1981) and confirmed by crystal structure solution. The geometry of the initial molecular model of (2) with the Ru centre coordinated by the four N atoms only, i.e. without the carbonyl ligand, was optimized by density functional theory (DFT) calculations in vacuo using the quantum-chemical program PRIRODA (Laikov, 1997 (Laikov, , 2004 (Laikov, , 2005 Ustynyuk, 2005) , employing the generalized gradient approximation (GGA) and the PBE exchange-correlation function (Perdew et al., 1996) . This fragment was used in the crystal structure determination. The crystal structure was solved using two techniques, viz. simulated annealing (Zhukov et al., 2001 ) using the program MRIA (Zlokazov & Chernyshev, 1992 ) and parallel tempering (Favre-Nicolin & Cerný, 2002) using the program FOX (Favre-Nicolin & Cerný, 2002 , 2004 . The carbonyl group was added to the model after the analysis of a difference Fourier map, where axial positive residual electron density was observed at 1.9 Å from the Ru centre. The final Rietveld refinement was performed with the program MRIA following the procedure described by us previously (Dorokhov et al., 2007; Logacheva et al., 2009; Chernyshev et al., 2013) . In the refinement, anisotropic line broadening was taken into account with the use of nine variables (Popa, 1998) . All non-H atoms were refined isotropically. One common U iso parameter was varied for 32 atoms, i.e. 24 atoms of the porphyrin core and eight C atoms attached to the core. The maximum difference peak and hole at the end of refinement had densities of 0.61 and À0.89 e Å
À3
, respectively. Crystal data, data collection and structure refinement details are summarized in Table 1 and the diffraction profiles after the final bond-restrained Rietveld refinement are shown in Fig. 1 .
Results and discussion
In the title compound, the Ru The metal atom is displaced by 0.11 (1) Å from the mean plane of the porphyrin core, toward the carbonyl ligand. As seen in Fig. 2 , just one of four ethyl ester arms serves as a connector between neighbouring molecules via the aforementioned axially coordinating atom O5, mediating the formation of polymeric chains running along [010] (Fig. 3) . The porphyrin cores of neighbouring links in the chain are inclined to one another by 74.3 (2) . Examples of metalporphyrin complexes in which the carbonyl groups of lateral substituents coordinate neighbouring metal centres have been observed, though they are rare; our search in the Cambridge Structural Database (CSD) resulted in just three hits, namely catena-(bis{ 3 -5,10,15,20- Fang et al., 2015) .
The most interesting feature of the crystal structure of (2) View of (2) showing the atomic numbering and 50% probability displacement spheres. H atoms have been omitted for clarity. [Symmetry codes: (i) Àx + fragment of the neighbouring porphyrin core thus penetrates into the 'tulip bowl' of the molecule (Fig. 3) .
The aforementioned features of the crystal packing of (2) demonstrate its potential for self-assembling in various modes depending on crystallization and environmental conditions, as has been observed for [tetrakis(pyridin-4-yl)porphyrin]zinc, [Zn(tpyp)]. Several coordination polymers were obtained for [Zn(tpyp)], viz. a one-dimensional chain structure (Krupitsky et al., 1994) , a one-dimensional ladder structure (DiskinPosner et al., 2001), a one-dimensional ribbon structure (Ring et al., 2005) and a three-dimensional framework (Krupitsky et al., 1994) . For compound (2), we hope to remove the carbonyl fragments either from the solution before crystallization or directly from the solid-state sample to explore other possibilities for self-assembly of the coproporphyrin I tetraethyl ester ruthenium(II) complex.
prepare material for publication: SHELXL97 (Sheldrick, 2008) and publCIF (Westrip, 2010) . 
catena-Poly[[carbonylruthenium(II)]-µ-2,7,12,17-tetrakis[2-(ethoxycarbonyl)ethyl]-

Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
